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SEMICONDUCTOR DEVICE TESTING APPARATUS, 
SEMICONDUCTOR DEVICE TESTING SYSTEM, 
AND SEMICONDUCTOR DEVICE TESTING METHOD FOR 
MEASURING AND TRIMMING THE OUTPUT 
IMPEDANCE OF DRIVER DEVICES 



FIELD OF THE INVENTION 

[0001] The disclosure relates to a semiconductor device testing apparatus, a semicon- 
ductor device testing system, and a semiconductor device testing method, in particular a 
method for measuring or trimming, respectively, the impedance of driver devices provided 
in a semiconductor device. 

BACKGROUND SECTION 

[0002] Semiconductor devices, e.g. appropriate, integrated (analog or digital) comput- 
ing circuits, semiconductor memory devices such as functional memory devices (PLAs, 
PALs, etc.) and table memory devices (e.g. ROMs or RAMs, in particular SRAMs and 
DRAMs), etc. are subject to comprehensive tests e.g. in the finished and/or semifinished 
state. 

[0003] In the scope of such kind of test, for instance with particular DRAMs (Dy- 
namic Random Access Memories or dynamic read-write memories, respectively), in par- 
ticular with DDR DRAMs (Double Data Rate DRAMs), the output impedance of the 
driver devices provided in the chip or semiconductor device, respectively, may be adapted 
to the impedance of the signal lines. 

[0004] Every driver device may e.g. comprise a pull-up and a pull-down circuit being 
connected in series. 

[0005] The pull-up circuit is e.g. connected to the supply voltage, and the pull-down 
circuit is connected to the ground. 

[0006] For outputting a „logic One" (during the regular operation of the semiconduc- 
tor device), the pull-up circuit may be switched on, i.e. be put in a conductive state, and 
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the pull-down circuit may be switched off, i.e. be put in a locked state - then, a "logically 
high" output signal will be output at an output pad connected between the pull-up and the 
pull-down circuits. 

[0007] Correspondingly, for outputting a „logic 0" - during the regular operation of the 
semiconductor device -, the pull-up circuit is switched off, i.e. put in a locked state, and 
the pull-down circuit is switched on, i.e. put in a conductive state, so that, correspond- 
ingly, a "logically low" output signal is output at the output pad. 

[0008] The pull-up and the pull-down circuits may e.g. each comprise a plurality of 
transistors connected in parallel (e.g. the pull-up circuit a plurality of p-channel MOSFETs 
and the pull-down circuit a plurality of n-channel MOSFETs). 

[0009] The output impedance of the driver devices provided in the chip or in the semi- 
conductor device, respectively, may be adapted during the testing operation of the semi- 
conductor device (i.e. in the scope of an appropriate testing method) to the impedance of 
the signal lines for instance by the fact that, by means of a so-called laser fuse method 
from chip to chip (e.g. from driver device to driver device), a different number of transis- 
tors in the respective driver devices is put to the "enabled" state (i.e. is later on, dunng the 
regular operation of the semiconductor device, used for driving signals), or is left in a 
"non-enabled" state (i.e. is later on, during the regular operation of the semiconductor de- 
vice, not used for driving signals). 

[0010] In order to determine how many (or which) transistors are to be put in an "en- 
abled" state by means of the laser fuse method, and how many (or which) transistors are to 
be left in a "non-enabled" state (so-called "driver setting"), the pull-up circuit may first of 
all be switched on and the pull-down circuit may be switched off (then, a "logically high- 
output signal level is driven by the driver device). 

[001 1] Subsequently, a reference voltage is applied to the above-mentioned output pad 
- e.g. by means of a corresponding signal needle -, and the current flowing from the sup- 
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ply voltage via the pull-up circuit to the output pad is then measured for all possible driver 
settings. 

[0012] From the current measured, the respectively applicable output impedance of the 
pull-up circuit may be determined for the respective driver setting in a manner known per 
se (and thus that driver setting may be selected at which the output impedance of the pull- 
up circuit corresponds - as precisely as possible - to the desired pull-up circuit output im- 
pedance). 

[001 3] Subsequently (correspondingly vice versa), the pull-up circuit may be switched 
off and the pull-down circuit may be switched on (so that a "logically low" output signal 
level is then driven by the driver device), and - again for all possible driver settings - the 
current then flowing from the output pad via the pull-down circuit to the ground may be 
measured. 

[0014] From the current measured, the respectively applicable output impedance of the 
pull-down circuit may then be determined for the respective driver setting in a manner 
known per se (and thus that driver setting may be selected at which the output impedance 
of the pull-down circuit corresponds - as precisely as possible - to the desired pull-down 
circuit output impedance (wherein this should be as identical as possible to the above- 
mentioned pull-up circuit impedance)). 

[0015] In the case of this trimming method, however, the problem arises that - de- 
pending on the degree of dirtying of the signal needle used for measurement, via which, as 
explained above, a (reference) voltage is applied to the output pad - the signal needle con- 
tact resistance may vary strongly. 

[0016] The respective signal needle contact resistance influences - in a way difficult 
to predict - the current flowing through the output pad (and thus - in a way difficult to 
predict - the respective value determined for the output impedance). 
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[0017] Therefore, with the above-described method, the output impedance can be set 
with relatively small accuracy only. 

SUMMARY OF THE INVENTION 

[001 8] A semiconductor device testing apparatus, a novel semiconductor device test- 
ing system, a novel semiconductor device, and a novel semiconductor device testing 
method, in particular a novel method for measuring or trimming, respectively, the imped- 
ance of driver devices provided in a semiconductor device. 

[0019] In accordance with a basic idea of the invention, a method for measuring or 
trimming, respectively, the impedance of driver devices provided in a semiconductor de- 
vice is provided, wherein a device comprising a pull-up circuit and a pull-down circuit, in 
particular a driver device, is used, and wherein the method comprises the following steps: 
joint activating of both the pull-up circuit and the pull-down circuit; and 
determining of the current (Wo*) flowing through the pull-up circuit or the pull- 
down circuit, respectively, with - jointly - activated pull-up and pull-down circuits. 

[0020] Advantageously, the method additionally comprises the following step: 

determining of the voltage (IW) available at the pull-up circuit or the pull-down 
circuit, respectively (or an output pad, respectively) with - jointly - activated pull-up and 
pull-down circuits. 

[0021] It is of particular advantage when the above-mentioned method steps are per- 
formed several times in sequence - always with different settings of transistors comprised 
in the pull-up or pull-down circuit, respectively. 

[0022] From the respective voltage (IWO determined for the corresponding settings, 
and from the respective current (I to ta., ^determined for the corresponding settings, that 
driver setting may be determined at which the output impedance of the pull-up and pull- 
down circuits corresponds - as precisely as possible - to the desired pull-up and pull-down 
circuit output impedance, as will be explained in detail further below. 



[0023] Since the above-mentioned voltage (U 0 u, P ut) can be measured current-free (or 
almost current-free), the measuring result is not (or only slightly) influenced by an - un- 
controllably strong - dirtying of a signal needle used for measuring the above-mentioned 
voltage (Uoutput) and contacting the output pad. 

[0024] Therefore, by means of the method according to the invention, the output im- 
pedance of the respective driver devices may be set with higher accuracy than is the case 
in prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] In the following, the invention will be explained in detail by means of em- 
bodiments and the enclosed drawing. The drawing shows: 

[0026] Figure 1 a schematic representation of the basic structure of a semiconductor 
testing system used with the present invention; 

[0027] Figure 2 a schematic detail representation of a portion of a semiconductor 
device to be tested as illustrated in Figure 1 , as well as of contact needles which are ar- 
ranged or designed such that a method for measuring and trimming the output impedance 
of semiconductor device driver apparatuses in accordance with prior art can be performed; 
and 

[0028] Figure 3 a schematic detail representation of a portion of a semiconductor 
device to be tested as illustrated in Figure 1, as well as of contact needles which are ar- 
ranged or designed such that a method for measuring and trimming the output impedance 
of semiconductor device driver apparatuses in accordance with an embodiment of the pre- 
sent invention can be performed. 

DETAILED DESCRIPTION 

[0029] Figure 1 shows a schematic representation of the basic structure of a semicon- 
ductor device testing system 1 used with the present invention. 
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[0030] This system serves to test semiconductor devices 3a, 3b, 3c, 3d, 3e, 3f posi- 
tioned on a silicon disc or a wafer 2, respectively, in particular to measure the output im- 
pedance of driver devices provided on the respective semiconductor device 3a, 3b, 3c, 3d, 
3e, 3f, and to adapt same to the impedance of the signal lines. 

[0031] The semiconductor devices 3a, 3b, 3c, 3d, 3e, 3f may e.g. be appropriate, inte- 
grated (analog or digital) computing circuits, or semiconductor memory devices such as 
functional memory devices (PLAs, PALs, etc.) or table memory devices (e.g. ROMs or 
RAMs), in particular SRAMs and DRAMs (here e.g. DRAMs (Dynamic Random Access 
Memories or dynamic read-write memories, respectively) with double data rate (DDR 
DRAMs = Double Data Rate DRAMs), preferably high-speed DDR DRAMs). 

[0032] The voltages or test signals, respectively, necessary for testing the semiconduc- 
tor devices 3a, 3b, 3c, 3d, 3e, 3f are generated by a testing apparatus 4 and are output at 
corresponding pads 6 of the testing apparatus 4. 

[0033] As is further illustrated in Figure 1 , the pads 6 of the testing apparatus 4 may 
(via corresponding lines, here: a number N of lines 7) be connected to corresponding pads 
of a semiconductor device probe card 8 which - via corresponding contact needles 9a, 9b 
being in communication with the probe card pads - may be connected to corresponding 
(test) pads 10a, 10b provided on the semiconductor devices 3a, 3b, 3c, 3d, 3e, 3f. 

[0034] The voltages or test signals, respectively, output by the testing apparatus 4 may 
thus - via the lines 7, the contact needles, 9a, 9b of the semiconductor device probe card 8, 
and the corresponding semiconductor device pads 10a, 10b - be applied to the respectively 
desired semiconductor device 3a, 3b, 3c, 3d. 

[0035] The signals that are output at corresponding semiconductor device pads 10a, 
10b in reaction to the test signals input (or the currents resulting from the voltages applied, 
respectively) are tapped by the corresponding contact needles 9a, 9b of the semiconductor 
device probe card 8 and are fed to corresponding pads of the testing apparatus 4 via the 
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above-mentioned lines 7, where an evaluation of the corresponding signals or currents, 
respectively, may take place. 

[0036] Figure 2 illustrates a schematic detail representation of a portion of a semicon- 
ductor device to be tested as illustrated in Figure 1 (here: a portion of the semiconductor 
device 3a), and of contact needles (here: of the contact needle 9a, as well as of further con- 
tact needles 1 la, 1 lb, 1 lc) which are arranged or designed such that a method for measur- 
ing and trimming the output impedance of semiconductor device driver devices (in par- 
ticular for adapting the output impedance to the impedance of the signal lines) can be per- 
formed in accordance with prior art. 

[0037] The semiconductor device 3a comprises a plurality of driver devices 1 2, each 
having a pull-up circuit 13a and a pull-down circuit 13b. 

[0038] As is illustrated in Figure 2, the pull-up circuit 1 3a is - e.g. via a line 14a - 
connected to a supply voltage pad 15a and - e.g. via a line 14b - to the pull-down circuit 
13b which - e.g. via a line 14c - is connected to a ground connection 1 5b. 

[0039] The line 14b - and thus also the pull-up and the pull-down circuits 13, 13b — 
are connected to an output pad 15c via a line 14d. 

[0040] For outputting - later, during the regular operation of the semiconductor device 
3a - a "logic One", the pull-up circuit 13a is - controlled by a control device 16a - acti- 
vated or switched on, respectively, i.e. put in a conductive state. Simultaneously, the pull- 
down circuit 13b is - controlled by a control device 16b - de-activated or switched off, 
respectively, i.e. put in a locked state. At the output pad 15c connected between the pull- 
up and the pull-down circuits 13a, 13b, a "logically high" output signal will then be out- 
put. 

[004 1 ] Correspondingly, for outputting a „logic 0", the pull-up circuit 1 3a is - con- 
trolled by the control device 16a - de-activated or switched off, respectively, i.e. put in a 
locked state, and the pull-down circuit 13b is - controlled by the control device 16b - acti- 



vated or switched on, respectively, i.e. put in a conductive state. A "logically low" output 
signal will then be output at the output pad 1 5c connected between the pull-up and the 
pull-down circuits 13a, 13b. 

[0042] The pull-up and the pull-down circuits 1 3a, 1 3b each comprise a plurality of 
transistors connected in parallel (e.g. the pull-up circuit a plurality of p-channel MOS- 
FETs, and the pull-down circuit a plurality of n-channel MOSFETs). 

[0043] In order to determine how many or which transistors are to be used during the 
later regular operation of the semiconductor device 3a, and which are not to be used (i.e. 
for adjusting the driver setting and thus the output impedance), the pull-up circuit 13a is - 
as is illustrated in Figure 2 by the continuous lines - switched on, and - as is illustrated in 
Figure 2 by the broken lines - the pull-down circuit 13b is switched off. 

[0044] Furthermore, a supply voltage Vddq is applied to the voltage supply pad 1 5a by 
means of the needles 1 la, 1 lb, 1 lc contacting the supply voltage pad 15a; then, a "logi- 
cally high" output signal level will be driven by the driver device 12 at the output pad 15c. 

[0045] Furthermore, a voltage U Pa d is applied to the output pad 15c by means of the 
needle 9a contacting the output pad 15c, the amount of said voltage U Pad corresponding 
e.g. to half of the voltage level Upuii-u p that is - actually - to be driven by the driver device 
12 at the output pad 15c. 

[0046] Subsequently - for all possible driver settings - the current I flowing from the 
voltage supply pad 15a via the pull-up circuit 13a to the output pad 15c is measured. 

[0047] From the current I measured (and from the difference between the voltage level 
Upuii-up and the amount of the voltage U Pad available at the output pad), e.g. in accordance 
with the formula 



R P ull-Up = (U Pu ll-Up " UPad) / I 



the respectively applicable output impedance R Pu ,i.u P of the pull-up circuit may be deter- 
mined for the respective driver setting (and thus that driver setting may be selected at 
which the output impedance R Pull .u P of the pull-up circuit - as precisely as possible - cor- 
responds to the desired pull-up circuit output impedance Rp u ii-u P ,desircd)- 

[0048] Subsequently (correspondingly vice versa to what has been described above), 
the pull-up circuit 13a may be switched off, and the pull-down circuit 13b may be 
switched on (so that a "logically low" output signal level is then driven by the driver de- 
vice 12), and - again for all possible driver settings - the current I' then flowing from the 
output pad 1 5c via the pull-down circuit 1 3b to the ground may be measured (and the re- 
spectively applicable output impedance Rpuii-Down of the pull-down circuit 13b may be de- 
termined for the respective driver setting from the current I' measured (correspondingly 
similar as described above)). 

[0049] In this way - corresponding to the pull-up circuit 1 3a - that driver setting may 
be determined at which the output impedance R Pu „-Down of the pull-down circuit 13b corre- 
sponds - as precisely as possible - to the desired pull-down circuit output impedance R Pu „. 
Down.des.red (wherein this should be as identical as possible to the above-mentioned (desired) 
pull-up circuit output impedance Rp u ii-up or Rpuii-u P ,desired)- 

[0050] Figure 3 illustrates a schematic detail representation of a portion of the semi- 
conductor device to be tested as illustrated in Figure 1 (here: a portion of the semiconduc- 
tor device 3b), and of contact needles (here: of the contact needle 9b, as well as of further 
contact needles 1 1 la, 1 1 lb, 1 1 lc, 1 1 Id, 1 1 le, 1 1 If) which are arranged or designed such 
that a method for measuring and trimming the output impedance of semiconductor device 
driver devices (in particular for adapting the output impedance to the impedance of the 
signal lines) can be performed in accordance with an embodiment of the present invention. 

[005 1] The semiconductor device 3b comprises - like the remaining semiconductor 
elements 3a, 3c, 3d, 3e, 3f on the wafer 2 illustrated in Figure 1 - a plurality of driver de- 
vices 1 12 each having a pull-up circuit 1 13a and a pull-down circuit 1 13b. 
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[0052] The pull-up circuit 1 13a is - e.g. via a line 1 14a - connected to a supply volt- 
age pad 1 1 5a and - e.g. via a line 1 14b - to the pull-down circuit 1 1 3b which - e.g. via a 
line 1 14c - is connected to a ground connection 1 15b. 

[0053] The line 1 14b - and thus also the pull-up and the pull-down circuits 113,1 13b 
- are connected to an output pad 1 15c via a line 1 14d. 

[0054] For outputting - later, during the regular operation of the semiconductor device 
3b - a "logic One", the pull-up circuit 1 13a is - controlled by a control device 1 16a - acti- 
vated or switched on, respectively, i.e. put in a conductive state. Simultaneously, the pull- 
down circuit 1 13b is - controlled by a control device 1 16b - de-activated or switched off, 
respectively, i.e. put in a locked state. At the output pad 1 15c connected between the pull- 
up and the pull-down circuits 1 13a, 1 13b, a "logically high" output signal will then be 
output (e.g. a voltage level of 1 .8 V). 

[0055] Correspondingly, for outputting a „logic 0", the pull-up circuit 1 1 3a is - con- 
trolled by the control device 1 16a - de-activated or switched off, respectively, i.e. put in a 
locked state, and the pull-down circuit 1 1 3b is - controlled by the control device 1 16b - 
activated or switched on, respectively, i.e. put in a conductive state. A "logically low" out- 
put signal (e.g. a voltage level of 0 V) will then be output at the output pad 1 15c connected 
between the pull-up and the pull-down circuits 1 1 3a, 1 1 3b. 

[0056] The pull-up and the pull-down circuits 1 1 3a, 1 1 3b each comprise a plurality of 
, e.g. 4, transistors connected in parallel (e.g. the pull-up circuit a plurality of, e.g. 4, p- 
channel MOSFETs, and the pull-down circuit a plurality of, e.g. 4, n-channel MOSFETs). 

[0057] The sources of the (pull-up) p-channel MOSFETs may be connected with one 
another via appropriate lines, and via the above-mentioned line 1 14a to the supply voltage 
pad 1 1 5a. Furthermore - by means of appropriate, further lines - the drains of the (pull- 
up) p-channel MOSFETs may also be connected with one another, and may be connected 
to the output pad 1 15c via the above-mentioned line 1 14b and the above-mentioned line 

114d. 
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[0058] Correspondingly similar, the sources of the (pull-down) n-channel MOSFETs 
may be connected with one another via appropriate lines, and with the ground connection 
1 1 5b via the above-mentioned line 1 14c; and the drains of the (pull-down) n-channel 
MOSFETs may be connected with one another, and to the above-mentioned line 1 14b, 
114d. 

[0059] The output impedance of the driver device 1 12 or of the further driver devices 
provided in the device 3b, respectively, may, during the test operation of the semiconduc- 
tor device (i.e. in the scope of the above-mentioned output impedance measuring and 
trimming method) be adapted to the impedance of the signal lines e.g. by an appropriately 
selected number of - or appropriately chosen - transistors in the (respective) driver device 
1 12 (in particular an appropriately selected number of- or appropriately chosen - transis- 
tors in the pull-up circuit 1 13a and an appropriately selected number of - or appropriately 
chosen - transistors in the pull-down circuit 1 13b) being, by means of a - per se known - 
laser fuse method, put to an "enabled" state (i.e. are later on, during the regular operation 
of the semiconductor device, used for the driving of signals), or being left in a "non- 
enabled" state (i.e. are later on, during the regular operation of the semiconductor device, 
not used for the driving of signals). 

[0060] In order to determine how many or which transistors exactly are to be put in an 
"enabled" state in the corresponding pull-up or pull-down circuits 1 13a, 1 13b by means of 
the laser fuse method, and how many or which transistors are to be left in a "non-enabled" 
state (i.e. for adjusting the driver setting and thus the output impedance), in the present 
embodiment - other than in the prior art, and as illustrated by the continuous lines in Fig- 
ure 3 - both the pull-up circuit 1 13a and the pull-down circuit 1 13b are first of all (con- 
trolled by the control devices 1 16a, 1 16b) activated or switched on, respectively, i.e. are 
put to a conductive state. (In the remaining driver devices still contained in the semicon- 
ductor device 3b all pull-up and pull-down circuits are de-activated or switched off, re- 
spectively, i.e. put to a locked state (each controlled by control devices corresponding to 
the above-mentioned control devices 1 16a, 1 16b)). 
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[0061] As is further illustrated in Figure 3, in the driver device 1 12, a plurality of, in 
particular more than two or three, contact needles (here: the three contact needles 111a, 
1 1 lb, 1 1 lc) contact the above-mentioned supply voltage pad 1 15a, and a plurality of, in 
particular more than two or three, contact needles (here: the three contact needles 1 1 Id, 
1 1 le, 1 1 If) contact the above-mentioned ground connection 1 15b. 

[0062] The contact needles 1 1 la, 1 1 lb, 1 1 lc are connected to one or several of the 
above-mentioned testing apparatus pads 6 via one or several of the above-mentioned lines 
7 between the semiconductor device probe card 8 and the testing apparatus 4, and the con- 
tact needles 1 1 Id, 1 1 le, 1 1 If are connected to one or several further testing apparatus 
pads 6 via one or several further of the above-mentioned lines 7 between the semiconduc- 
tor device probe card 8 and the testing apparatus 4 (cf. Figure 1). 

[0063] The testing apparatus 4 causes - controlled by a test software program stored on a 
testing apparatus memory device 1 17 - that a supply voltage Vddq is applied to the supply 
voltage pad 1 15a via the corresponding line(s) 7 and the corresponding contact needles 
111a, 111b, 111c. 

[0064] Furthermore, the testing apparatus 4 causes - also controlled by the test software 
program stored on the testing apparatus memory device 1 17 - that the ground connection 
1 15b is connected to the ground (via the corresponding contact needles 1 1 Id, 1 1 le, 1 1 If 
and the corresponding line(s) 7) (and that the output pad 1 1 5c - as is illustrated by the 
broken lines in Figure 3 - is de-activated (is, in particular, neither connected with the 
ground nor with the supply voltage nor with any other voltage or signal source)). 

[0065] Subsequently - for all possible driver settings - the current I to tai flowing from 
the corresponding testing apparatus pad to the supply voltage pad 1 15a and then (substan- 
tially via the pull-up circuit 1 13a and the pull-down circuit 1 13b (cf. the explanations be- 
low)) to the ground connection 1 15c, and finally back to the testing apparatus 4 (or to the 
corresponding testing apparatus pad) is measured (i.e. for all conceivable combinations of 
transistors respectively "enabled", i.e. used for the driving of signals, and "non-enabled", 
i.e. not used for the driving of signals, in the pull-up and in the pull-down circuits 1 13a, 
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1 13b (i.e. with e.g. 16 possible settings for the pull-up transistors and 16 possible settings 
for the pull-down transistors, for a total of 16 x 16 = 256 different driver settings)). 

[0066] Before (or, alternatively: after) the "total current" I« ot ai is measured repeatedly, 
e.g. 256 times, in the above-described manner - for different driver settings, respectively - 
the "standby current" I sta ndb y is measured, as will be explained more exactly in the follow- 
ing (cf. explanations below). 

[0067] To this end - with all driver devices 1 1 2 contained in the semiconductor device 
3b - all pull-up and pull-down circuits 1 13a, 1 13b are - each controlled by appropriate 
control devices 1 16a, 1 16b - de-activated or switched off, respectively, i.e. put in a locked 
state (and thus the semiconductor device 3b is put to an idle-/clock stop state); subse- 
quently, the current (standby current I stan dby) flowing from the corresponding testing appa- 
ratus pad to the supply voltage pad 1 15a, and then from the ground connection 1 15c back 
to the testing apparatus 4 (or to the corresponding testing apparatus pad, respectively) is 
again measured. 

[0068] This measurement is necessary when - as in the present embodiment - not only 
the above-mentioned driver devices 1 12 or output pads 1 15c, respectively, are - as illus- 
trated in Figure 3 - connected between the supply voltage pad 1 15a and the ground con- 
nection 1 1 5b, but additionally further devices provided on the semiconductor device 3b 
(not illustrated in Figure 3) are connected therebetween (the supply voltage Vddq thus 
does not only serve to supply the driver devices 1 1 2 or the output pads 115c, respectively, 
i.e. serves as "pad supply", but, in addition, serves to supply the above-mentioned further 
devices provided on the semiconductor device, i.e. serves as "chip power supply"). 

[0069] If this is the case, a (low, though,) standby current Wdby flows also in the 
above-mentioned idle-/clock stop state from the supply voltage pad 1 15a through the 
above-mentioned further semiconductor device elements through to the ground connection 

115b. 
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[0070] For the - exact - determination of the current actually flowing through the pull- 
up and the pull-down circuits 1 13a, 1 13b (and not through the above-mentioned further 
semiconductor device elements) during the above-mentioned simultaneous activating or 
switching on, respectively, of both the pull-up and the pull-down circuits 1 13a, 1 13b, this 
standby current I sta „dby has to be deducted from the total current I tota . determined in the 
above-explained way. 

[0071] The (actual (corrected)) total current Worr flowing - with the above- 
mentioned different driver settings - through the pull-up and the pull down circuits 1 13a, 
1 13b thus results as follows: 

I,otal,corr = Itotal - Istandby (formula (1)) 

[0072] From the (corrected) values for the total current I to tai,con flowing through the 
pull-up and the pull-down circuits 1 13a, 1 13b - which values are different for the respec- 
tively different driver settings -, and from the amount of the voltage U, ota i (here: Vddq) 
altogether available at the pull-up and the pull-down circuits 1 13a, 1 13b, the total output 
impedance R totel of the pull-up and the pull-down circuits 1 13a, 1 13b (or of the driver de- 
vice 1 12, respectively) can be determined for the respective driver setting, e.g. in accor- 
dance with the formula 

Rtotai = U,o,ai / Wcorr (formula (2)) or 

Rtotai = Vddq / Wrr (formula (2')) 

[0073] From the above-mentioned (e.g. 256 different) driver settings, now those are 
selected at which the total output impedance R t0 «i determined corresponds to a desired 
value of the total output impedance Rotai^d (or, more exactly, e.g. those driver settings 
at which the total output impedance R« 0 ,ai determined deviates at most by a predetermined, 
low percentage or absolute amount from the desired total output impedance R, 0 tai,desired, or 
a predetermined number of driver settings at which the total output impedance R, ot ai de- 
termined is closest to the desired total output impedance RotaWesired)- 
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[0074] The desired total output impedance K**um may be determined from the re- 
spective values for the (desired) pull-up circuit output impedance Rpuii-u P) desired and the 
(desired) pull-down circuit output impedance Rnmm-m, and corresponds in particular 
to the sum of these two output impedance desired values (i.e. Rotai.desired = Rp u ii-u P> desired + 

Rpull-Down.desired) ■ 

[0075] The pull-down circuit output impedance R P uii-Down,desired (mat is desired or is to 
be set) should have the same value as the pull-up circuit output impedance R Pul i-u P ,desired 
(that is desired or is to be set), so that the following applies: R tota i ) d e sired= 2 x Rpuii-u P ,de S ired 

Or RtotaLdesired = 2 X Rl>ull-Down,desired- 

[0076] The desired value for R Pu ii-u P ,desi re d and R Pu ii-Down ) desired may, for instance - corre- 
spondingly identical to the impedance of the respective signal line - be 45 OHM, and, 
accordingly, the desired value for R, 0 tai,desired may e.g. be 90 OHM. 
[0077] In a next step - for the above-mentioned, selected driver settings, in particular 
for those driver settings at which the total output impedance R, 0 tai determined corresponds 
to the desired value for the total output impedance R toteI( desired - the voltage Uoutput available 
at the output pad 1 15c is measured - with simultaneously activated or switched-on, re- 
spectively, pull-up and pull-down circuits 1 13a, 1 13b, as described above - (namely in 
that the voltage available between the contact needle 9b - that contacts the output pad 
115c -and the contact needles Hid, llle, 11 If- that contact the ground connection 115b 
(or, alternatively, the contact needles 1 1 la, 1 1 lb, 1 1 lc that contact the supply voltage pad 
1 15b) - is measured by the testing apparatus 4, i.e. directly the voltage U 0 u,put (or, alterna- 
tively, the voltage Vddq - Uou^ut))- 

[0078] Subsequently - for the above-mentioned, selected driver settings, in particular 
for those driver settings at which the total output impedance R, 0 ,ai determined corresponds 
to the desired value of the total output impedance Retired - that driver setting is selected 
at which the voltage U 0u , P u, at the output pad 1 1 5c measured in the above-mentioned way 
close as possible to a respectively desired output voltage desired value Udesired- 
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[0079] This output voltage desired value U des ired should lie as exactly as possible be- 
tween the desired voltage level of a "logically high" output signal - output later on during 
regular operation - (here: a level of e.g. 1.8 V), and the desired output level of a "logically 
low" output signal - output later on during regular operation - (here: a level of 0 V) (e.g. 
0.9 V). 

[0080] This ensures that Rpuu-up is as great as Rp u „.Down (and thus EWp is as great as 

Rpull-Up.desired, and R Pu ll-Down is 3S great as Rpull-Down.desired)- 

[0081] It is not absolutely necessary to measure the current for all the 256 different 
settings, as described above. Conceivable alternatives are e.g.: 

The measurements (current and subsequently voltage) are first of all only per- 
formed for „typical" settings (e.g. the pull-up settings 7 to 10 and the pull-down settings 9 
to 13). Only if the target values are not found here, other settings will also be used; 

First of all, the symmetrical" settings are determined, i.e. those settings at which 
pull-up and pull-down are equally strong. Example: The pull-down setting 1 is activated, 
and then (via a voltage measurement at the pad) the pertinent pull-up setting is determined. 
Subsequently, the pull-down setting 2 is activated, and (via a voltage measurement at the 
pad) the pertinent pull-up setting is searched, etc. Subsequently, that setting is selected 
among those 16 settings at which the total current over pull-up and pull-down exactly cor- 
responds to the desired (double) output impedance. 

[0082] The above-described driver setting selection methods may - in a corresponding 
way - be performed e.g. for all driver devices provided with the semiconductor device 3b 
(i.e. each individual driver device of the semiconductor device 3b may be calibrated indi- 
vidually). 

[0083] Alternatively, the driver setting determined in the above-mentioned way for a 
particular driver device 1 12 may (without further, separate measurements being per- 
formed) be taken over for several, in particular for all, further driver devices provided on 
the semiconductor device 3b. 



17 

[0084] In a further alternative, no driver device 1 12 actually used for the driving of 
signals (later on, during regular operation of the semiconductor device 3b) is used for ad- 
justing the driver settings, but a test driver device - merely used for selecting the driver 
setting in accordance with the above-explained method - is used, the structure of which is 
identical to that illustrated in Figure 3 (the driver setting determined by means of this test 
driver device may then be used correspondingly for all driver devices provided on the 
semiconductor device 3b and actually used during regular operation). 

[0085] A test driver device of this kind need not necessarily comprise an output pad 
corresponding to the output pad 1 15c as provided with the driver device 1 12 illustrated in 
Figure 3, but may also be designed without such an output pad (or not be connected with 
such a pad, respectively). 

[0086] Instead of measuring - as described above- the voltage Uoutput at a correspond- 
ing output pad 1 1 5c, the voltage U intem ai - corresponding to this voltage - may then be 
measured over the pull-up or pull-down circuit, respectively, e.g. by a device provided on 
the semiconductor device itself (e.g. an appropriate on-chip voltage comparator). 

[0087] Since, in all of the above-mentioned methods, the corresponding voltage (IW 
pu « or Uin,ema., respectively) is measured current-free (or almost current-free), the measuring 
result is not (or only slightly) influenced by a - possibly uncontrollably high - dirtying 
e.g. of the contact needle 9b. Therefore, by means of the above-described methods, it is 
possible to set the output impedance of the respective driver devices 112 with higher accu- 
racy than is the case in prior art. 



